reviews, which are published in partnership with several journals, including the American Journal of Epidemiology (3).
In 2001, HuGE Net launched the HuGE Published Literature database (HuGE Pub Lit), a continually updated and accessible knowledge base on the World Wide Web that tracks the growing published literature of human genome epidemiologic studies. HuGE Pub Lit offers a starting point for assembling articles for meta-analysis, highlighting research gaps, suggesting applied research questions, and identifying potential collaborators.
In this paper, we describe the contents of HuGE Pub Lit, how eligible articles are identified, and the database's current utility and limitations in tracking the results of human genome epidemiologic research.
OVERVIEW OF THE DATABASE
HuGE Pub Lit consists of links to PubMed entries (4), extracted weekly since October 21, 2000 . As of September 6, 2005, 17 ,665 articles were indexed in the database, referencing 2,008 genes (using the standard nomenclature established by the Human Genome Organization) (5), 2,074 diseases and health outcomes, and 660 interacting personal or environmental factors; for an update, refer to ''Note added in proof.'' Articles are included if they present data on any one of five topics: genotype prevalence, gene-disease associations, gene-gene interactions, gene-environment interactions, or the validity or utility of genetic tests (2) . Gene discovery articles (e.g., those describing linkage analysis and gene mapping in high-risk families or selected groups) are excluded; however, articles are examined on a case-by-case basis, because it is becoming more common for gene discovery articles to report additional, corroborating association studies (6) and for population-based studies to include related persons (7) . Inclusion and exclusion criteria have evolved since 2001, reflecting advances in human genome epidemiologic research methods (table 1) .
Detailed instructions for querying the database are provided on the website (8) . Query results display the number of relevant articles from HuGE Pub Lit and a list of citations. Each citation provides links to the original PubMed abstract through the National Library of Medicine's website and a brief annotation of the relevant gene, disease or outcome, personal or environmental factor, and topic.
METHODS FOR EXTRACTING HuGE ARTICLES FROM PubMed
Centers for Disease Control and Prevention research staff extract relevant articles from PubMed into HuGE Pub Lit each week using a combination of computerized and manual processes. First, all titles, abstracts, and PubMed fields are searched by use of a complex query based on a combination of Medical Subject Headings' (MeSH; National Library of Medicine, Bethesda, Maryland) terms and selected text words. The search query selects on average 1,800 articles from over 20,000 new entries in PubMed each week. The curator (M. Clyne) reviews each title and abstract to decide whether the study will be included in the database and to assign index terms. Citations for the approximately 100 articles that meet HuGE criteria are posted every Thursday as part of the Centers for Disease Control and Prevention online Genomics and Health Weekly Update (9). Quality checks are performed within the finished database.
The process for identifying HuGE published literature is currently restricted to the contents of PubMed. The sensitivity of the process is limited by the information content of titles, abstracts, and other PubMed fields for individual articles. Unless the full text of an article is available, the curator may omit it if the abstract does not include relevant terms. Uploading to HuGE Pub Lit also lags for articles that require further review because the abstract is absent, incomplete, or in a foreign language. As the HuGE literature grows, so does the number of potentially eligible articles that must be reviewed.
To assess the sensitivity of the routine extraction process, an independent abstractor reviewed all 4,556 articles that had been entered into PubMed on six randomly selected dates between October 2000 and December 2002. After review by two other researchers, the narrowed list included 39 eligible articles; of these, 31 had been previously identified by the routine extraction process, for a sensitivity of 80 percent. Although the search query used during that period had identified all 39 articles, eight had been incorrectly excluded by the curator. None of the articles previously included in HuGE Pub Lit were excluded on review, for a specificity of 100 percent.
DESCRIBING THE PUBLISHED LITERATURE ON HUMAN GENOME EPIDEMIOLOGY
The contents of HuGE Pub Lit reflect a steady increase in the number of relevant publications, from (table 2) . Smoking (tobacco) is by far the most commonly studied interacting factor, referenced in nearly 500 articles.
As an example, we describe the contents of HuGE Pub Lit for the relation between variants in MTHFR and congenital anomalies (table 3) . Of the 17,665 publications in the database as of September 6, 2005, 727 (4 percent) dealt with MTHFR. Among the 50 publications describing MTHFR variants in relation to congenital anomalies, 11 also addressed gene-gene or gene-environment interactions. So far, 20 systematic reviews (including three HuGE reviews) have been published on epidemiologic associations with MTHFR; one of these examined the association with congenital anomalies.
DISCUSSION
HuGE Pub Lit fills a specific niche as an online information resource for epidemiologic and translation research. Currently, a vast and complex array of genetic databases and medical genetics resources and sites devoted to genomics can be accessed on the Internet (10) (11) (12) (13) (14) (15) . Most of these databases provide either biologic data for genetics researchers or information about genetic disorders for clinicians. Of the many Web resources that have cataloged genes, sequences, or variants, a small subset also offers information on phenotypic associations. For example, Online Mendelian Inheritance in Man (OMIM), one of the first databases to catalog genes, includes descriptions of associated diseases and outcomes (14, 15) . The National Institute on Aging's Genetic Association Database (16) contains gene-based records for association studies along with links to genetic mapping and sequence databases. Among the unique features of HuGE Pub Lit are its focus on population-based epidemiologic research; indexing by health outcomes, interacting factors, and epidemiologic terms; weekly updating of content; and curation by an epidemiologist.
Although the HuGE Net website is widely used (more than 160,000 visits during the latest 12-month period), the maintenance of HuGE Pub Lit presents numerous challenges. Currently, the most urgent need is for a more efficient and reproducible method of identifying articles of interest. The current process is effective but subjective and time consuming, occupying one epidemiologist curator full time. We are currently collaborating with computer scientists at the Georgia Institute of Technology to explore the development of text-mining tools, which have been used in related fields (e.g., pharmacogenomics) (17), and our experience thus far shows some promising results (18) . Of course, review of database content by subject matter experts will remain an essential element of quality control.
A standard vocabulary for outcomes, interacting factors, and epidemiologic concepts is also needed to enhance the interoperability among databases and exchangeability among users. Although such standards have been developed for genes (5), they are still evolving for other types of data. Ultimately, the use of a standard vocabulary, such as that found within the Unified Medical Language System (UMLS) (19), will make it possible to index articles in a more systematic, standard, and automatic fashion and allow more natural searching (e.g., by using free text). Standard vocabulary will also facilitate searching that navigates smoothly from the epidemiologic literature to relevant research in other disciplines, such as molecular biology and toxicology.
Currently, HuGE Pub Lit does not capture studies published in journals that are not included in the PubMed database. Some studies could be identified from other publication databases (e.g., EMBASE) (20) , but others are unpublished or presented only at scientific meetings (so-called ''gray literature'') (21) . Capturing information from these sources is particularly important to reduce the influence of publication bias in meta-analysis. We have recently proposed a more comprehensive approach to the synthesis of evidence on gene-disease association that calls for coordinated efforts by investigators and additional avenues for publishing the results of well-conducted studies, regardless of the findings (22) .
We encourage researchers to consider using HuGE Pub Lit as a quick search tool for identifying published epidemiologic data and as an adjunct to other sources when developing systematic reviews (23) (24) (25) . We invite curators of similar genetic association databases to collaborate with us in making our systems interoperable and in developing the informatics tools to support research synthesis in human genome epidemiology (26) . We hope that HuGE Pub Lit will provide a useful starting point for building the knowledge base on human genetic variation and health, which is the first step in translating human gene discoveries into health care and disease prevention.
Note added in proof:
Since the acceptance of this paper, the number of articles in the HuGE Pub Lit database has increased substantially. As of April 21, 2006 , the database included 20,711 articles.
